Background: Historically, complication rates after pressure ulcer reconstruction utilizing flap coverage have been high. Patients undergoing operations for pressure ulcer coverage typically have multiple risk factors for postoperative complications. The purpose of this study was to examine a large patient series in the pressure ulcer population to uncover objective evidence of the linkage between risk factors and outcomes after flap coverage. Methods: This study was a retrospective chart review of patients who underwent flap reconstruction for a pressure ulcer between 1997 and 2015. The characteristics of patients were analyzed to determine those who had complications such as pressure ulcer recurrence, wound dehiscence, and wound infection. Results: All patients (N = 276) underwent flap coverage of their pressure ulcers. The overall complication rate was 58.7% (162 patients). Wound dehiscence was the most common complication (31.2%), and the pressure ulcer recurrence rate was 28.6%. Multivariate regression for pressure ulcer recurrence revealed that body mass index <18.5 [relative risk (RR) 3.13], active smoking (RR 2.33), and ischial pressure ulcers (RR 3.46) were independent risk factors for pressure ulcer recurrence. Ischial pressure ulcers (RR 2.27) and preoperative osteomyelitis (RR 2.78) were independent risk factors for wound dehiscence. Diabetes was an independent risk factor for wound infection (RR 4.34). Conclusions: Our retrospective analysis revealed numerous factors that are associated with high rates of major postoperative complications. Risk factors must be taken into account when offering flap coverage, and risk-reducing strategies must be implemented in patients before pressure ulcer reconstruction.
INTRODUCTION
Pressure ulcers are common in hospitalized and longterm institutional care patients. Approximately 2.5 million pressure ulcers are treated in the United States yearly, 1, 2 and related hospitalizations are becoming common. 3 Their cost is estimated to be $9.1-11.6 billion per year in the United States. [4] [5] [6] [7] One susceptible patient population is are those with spinal cord injury. It is estimated that approximately 30% of spinal cord injury patients have pressure ulcers 20 years post injury. 8 Pressure ulcers are especially morbid after spinal cord injury, leading to high rates of hospitalization and longer hospital stays. 9, 10 The utilization of risk assessment tools can reduce incidence rates; nevertheless, high-risk patients will inevitably develop stage 3 and 4 ulcers that require surgical intervention. 1, 2, 7 Operative approaches using primary closure and skin grafts have been abandoned as flaps for wound coverage are becoming popular. 11 However, complication and recurrence rates for flap coverage remain alarmingly high. [11] [12] [13] [14] Outcomes analyses to date are limited to small retrospective reviews and have reported conflicting conclusions on risk factors.
Spinal cord injury patients make up the majority of patients undergoing surgical reconstruction of pressure ulcers. 13, [15] [16] [17] Given their relatively long life expectancies, 18 flap coverage of pressure ulcers can prevent hospitalization and decrease morbidity. However, the risks and benefits of operative management of pressure ulcers must be balanced given the potential complications. Ulcer recurrence and wound dehiscence are the most common surgical complications with recurrence rates as high as 80% in some series. 12, 13, 16, 17, [19] [20] [21] The wide variation in reported outcomes suggests that patient-specific risk factors should be investigated further to determine the optimal operative settings. We hypothesized that there are patient-specific and potentially modifiable risk factors associated with complications after flap reconstruction for pressure ulcers. Our retrospective study design was utilized to query a large patient series in the pressure ulcer population to uncover objective evidence of the linkage between risk factors and outcomes after flap coverage.
METHODS

Study Design
This retrospective study was approved by the Institutional Review Board of Vanderbilt University Medical Center. Inclusion criteria were adult patients of any age and sex with sacral, ischial, and trochanteric pressure ulcers that required flap reconstruction between 1997 and 2016. Patients with pressure ulcers managed conservatively or that required wound debridement and/or primary closure without flap coverage were excluded. Further exclusion criteria were not used to maximize our study population.
Data Collection
Patient data collected included age, sex, body mass index (BMI), race, medical comorbidities, surgical history, medications, American Society of Anesthesiologists (ASA) physical status classification system, and tobacco use. Data from preoperative labs were also examined, including prealbumin, albumin, C-reactive protein (CRP), hematocrit, white blood cell (WBC) count, international normalized ratio, creatinine, and perioperative blood transfusion data. Psychiatric factors were not collected given the inconsistent collection of such data. Pressure ulcer characteristics including wound location, size, and presence of osteomyelitis (acute or chronic) were also recorded. Operative details recorded included donor site, flap composition, and procedure length. Postoperative management and outcomes collected included length of follow-up and complications including recurrence, wound dehiscence, and infection.
The primary outcomes for our review were major complications, which included ulcer recurrence, wound dehiscence, postoperative infection, flap necrosis, and minor complications such as seroma and hematoma. Patient characteristics were compared between those who did and did not have the aforementioned complications.
Statistical Analysis
Study data were collected and managed using Research Electronic Data Capture (REDCap) electronic data capture tools hosted at Vanderbilt University Medical Center. 22 REDCap is a secure, web-based application designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry; (2) audit trails for tracking data manipulation and export procedures; (3) automated export procedures for seamless data downloads to common statistical packages; and (4) procedures for importing data from external sources.
Quantitative analyses of continuous and categorical data were completed using Fisher's exact test, chi-square analysis, Mann-Whitney U tests, and unpaired t tests when appropriate. Statistical significance was achieved at twotailed P values below 0.05. All analyses were performed within SPSS Statistics version 19 (IBM Corporation, Chicago, IL).
RESULTS
From January 1997 to December 2015, 276 patients underwent flap coverage of their pressure ulcers. The average patient age was 42.9 (range 4-85), and an analysis of sex revealed that 73.2% in our study series were males. Table 1 illustrates patient demographic and wound characteristics. Whites comprised 82.6% of patients during this study period. The average BMI was 25.1 and 24.6% of patients were active smokers. Paralysis was noted in 82.6% of patients, with 11.2% having quadriplegia and 55.8% having paraplegia. Of note, 62.3% of patients had ischial pressure ulcers. The most commonly performed flap utilized the gluteal musculature (62.3%). The majority of reconstructive flaps were myocutaneously based (80.8%) ( Table 1) .
Complications including major ones (ulcer recurrence, wound dehiscence, postoperative infection, flap necrosis) and minor ones (seroma and hematoma) occurred in 162 (58.7%) patients in this series (Fig. 1 , Table 2 ). The average prealbumin of all patients was low (15.7 ± 6.9), but the average prealbumin of those who had a complication was significantly lower than those without complication (14.8 vs 17.0, P = 0.037). Additionally, the average albumin was significantly lower in those with complications (2.97 vs 3.40, P < 0.01). Interestingly, 71.1% of patients who received a perioperative blood transfusion experienced postoperative complications compared with a 50.3% complication rate in those not receiving a blood transfusion (P < 0.01). Longer operative times were associated with complications (190.6 vs 160.4 minutes, P < 0.01). Age, sex, race, BMI, diabetes, smoking status, preoperative osteomyelitis, and flap choice were not risk factors for complications ( Table 2) .
Postoperative flap infection rates were low (6.5%; Table 3 ). Advanced ASA class was associated with higher rates of infection. Pressure ulcer wound size was significantly larger in those who had a postoperative infection (109.8 cm 2 vs 67.7 cm 2 , P = 0.047). The perioperative blood transfusion rate was significantly higher in those with a postoperative infection compared with those without (77.8% vs 37.6%, P < 0.01), and longer operative times were associated with postoperative infections (206.5 vs 176.1 minutes, P = 0.013). Interestingly, age sex, race, BMI, diabetes, smoking status, preoperative osteomyelitis, and flap choice were not risk factors for postoperative flap infections in our series ( Table 3) .
The same site pressure ulcer recurrence rate was 28.6% (Table 4) , and the average time to recurrence was 357.9 days. The average age for those having an ulcer recurrence was younger than those not suffering a recurrence (39.4 vs 44.4 years old, P = 0.018). African Americans had higher rates of recurrence compared with whites (74.1% vs 25.9%, P = 0.02). Underweight patients (BMI < 18.5) had higher rates of recurrences (74.7% vs 25.3%, P = 0.027). Curiously, obesity was not a risk factor for recurrence in this series. Patients with pressure ulcers involving the ischium or in multiple sites were more likely to have ulcer recurrences compared with other sites. Active smokers had higher rates of recurrence (42.6% vs Fig. 1 . complication rates. 24%, P < 0.01), and those with recurrences had high rates of perioperative blood transfusions (51.9% vs 35.5%, P = 0.015). Interestingly, thigh (V-Y) flaps had increased rates of pressure ulcer recurrences compared with other flap choices (Table 4) . Of note, sex, diabetes, and preoperative osteomyelitis were not risk factors for pressure ulcer recurrence.
Wound dehiscence was the most common complication (31.2%), and the average time to wound dehiscence was 28.1 days (Table 5) . Patients with pressure ulcers involving the ischium were more likely to have wound dehiscence compared with other sites. Patients with postoperative wound dehiscence had lower albumin levels (2.8 vs 3.3, P < 0.01), but prealbumin levels were not significantly lower in those with wound dehiscence (14.3 vs 16.2, P = 0.125). An unexpected finding was patients with preoperative osteomyelitis had a lower prevalence of wound dehiscence (24% vs 37%, P = 0.026). The perioperative blood transfusion rate was significantly higher in those with a postoperative wound dehiscence compared with those without (38.7% vs 26.1%, P < 0.034), and longer operative times were associated with postoperative wound dehiscence (194.9 vs 170.5 minutes, P = 0.031). Of note, age, sex, race, BMI, smoking status, and flap choice were not risk factors for wound dehiscence.
When a multivariate regression analysis was applied, ischial wounds were shown to be an independent risk factor for all complications [relative risk (RR) 2.63, 95% confidence interval (CI) 1.52-4.54, P < 0.01]. Age, BMI, diabetes, active smoking, wound size, and preoperative osteomyelitis were not independent risk factors for complications (Table 6 ). Not surprisingly, multivariate regression analysis revealed that diabetes was an independent risk factor for wound infection (RR 4.34, 95% CI 1.15-16.43, P = 0.031). Age, BMI, active smoking, wound size, preoperative osteomyelitis, and ischial wounds were not independent risk factors for complications in our patient population ( Table 7) . The multivariate regression for pressure ulcer recurrence revealed that BMI <18.5 (RR 3.13, 95% CI 1.34-7.27, P < 0.01), active smoking (RR 2.33, 95% CI 1.16-4.7, P = 0.018), and ischial pressure ulcers (RR 3.46, 95% CI 1.76-6.81, P < 0.01) were independent risk factors for pressure ulcer recurrence. Age, diabetes, wound size, and preoperative osteomyelitis were not independent risk factors for pressure ulcer recurrence ( Table 8) . Ischial pressure ulcers (RR 2.27, 95% CI 1.24-4.16, P < 0.01) and preoperative osteomyelitis (RR 2.78, 95% CI 1.51-5.13, P < 0.01) were independent risk factors for wound dehiscence. Age, BMI < 18.5, diabetes, active smoking, and wound size were not independent risk factors for wound dehiscence (Table 9) .
DISCUSSION
Our retrospective analysis of two hundred seventy-six pressure ulcer patients who underwent reconstructive flap coverage has revealed numerous factors that are associated with high rates of major postoperative complications. Although prior studies have suggested that complication rates including recurrence and wound dehiscence were high, clinical evidence of the risk factors for complications was sparce. 23 The challenge of pressure ulcer management is that pressure sores develop due to the interplay of many factors such as ischemic regions over bony prominences, poor nutrition, and infection. 24 Flap coverage does not address the root causes, and therefore, careful patient selection may be the best way to improve operative outcomes.
A younger age at the time of onset has previously been cited as a risk factor for the development of pressure ulcers. 25 Keys et al found that a chronologic age <45 years was a risk factor for recurrence and reoperation. 13 We also noted that the average age of patients who had recurrence was significantly younger than those who did not have a recurrence. A variety of reasons may explain why a younger age is associated with elevated risk of recurrence. One potential explanation is that younger patients have a longer time span for a recurrence after flap surgery. However, importantly, patients who are younger may be offered more aggressive flap coverage for pressure ulcers compared with older counterparts. This ultimately may lead to higher rates of recurrence. Our retrospective analysis did not address this hypothesis. We believe our study is the first large series to report a racial disparity in the postoperative outcomes for patients undergoing flap surgery for pressure ulcers. Our analysis revealed that African Americans had higher rates of recurrence. Previous reports have noted that African Americans have higher rates of pressure ulcer development [26] [27] [28] and display a noted increase in pressure ulcer recurrence after initial healing. 29 Poorer clinical and surgical outcomes in African Americans is a well-documented occurrence across different surgical specialties, 30, 31 but the relationship remains poorly understood and is likely due to the interplay of multiple factors. Race was not an independent risk factor for pressure ulcer recurrence in our review, but the association with increased recurrence is an interesting finding in light of current literature. Ischial pressure ulcers were an independent risk factor for pressure ulcer recurrence and wound dehiscence. This finding is not surprising given that ischial tuberosities have increased pressure over other bony prominences in the sitting position. 32 Previous reviews have also found ischial pressure ulcers are at risk for recurrence. 13, 33 Unfortunately, ischial pressure ulcers are the most common pressure ulcer, and avoidance of flap coverage for ischial pressure ulcers is not an ethical option. Rather, reducing other patient risk factors for flap complications may be important in those with ischial pressure ulcers.
Flap choice for pressure ulcer reconstruction continues to be an unresolved topic. Our study found that thigh (V-Y) flaps had higher rates of recurrence. Thigh (V-Y) flaps are considered reliable flaps; however, a disadvantage is that their closure is often under tension. This may increase the risk for recurrence, explaining our study's results. In our review, gluteal-and tensor fascia latae-based flaps had lower recurrence rates. Additionally, our study did not find any difference between musculocutaneousor fasciocutaneous-based flaps, which are in concordance with the findings of a recent meta-analysis. 11 Despite these findings, an overarching rule for pressure ulcer reconstruction is not possible. Surgeons must use flaps that are individually tailored to each patient with the consideration that thigh-based flaps may be at higher risk for recurrence.
Smoking was an independent risk factor for pressure ulcer recurrence in our retrospective series. Smoking has not been previously linked to pressure ulcer flap complications, so this appears to be a novel finding. Smoking is a risk factor in wound complications in the general plastic surgery population and especially those undergoing free flaps. 34, 35 Because smoking is a modifiable risk factor, motivational coaching directed toward smoking cessation may be an important step in preventing recurrence. Our data indicate that surgeons should be cautious about offering pressure ulcer flap coverage in smokers, and patients should be counseled on the risks associated with smoking.
Diabetes was found to be an independent risk factor for flap infection in our study. A recent review of the national CosmetAssure database found that diabetes was an independent risk factor in infections in all patients receiving elective, esthetic surgery. 36 In our review, diabetes was not a risk factor for recurrence or wound dehiscence, but given the elevated risk of infection, a patient with a diagnosis of diabetes should be considered a risk, especially when other risk factors are present. ASA class 3 also had an association with flap infection in this series. This finding was expected given that ASA class has been noted previously to be a risk factor for surgical site infections. [37] [38] [39] A similar retrospective analysis of wound complications after abdominal contouring operations noted that ASA classification is also a significant independent risk factor for wound complications including infections. 40 An interesting finding was that ASA class did not predict recurrence or wound dehiscence in our student population. Given these findings, those with higher ASA class should be considered at higher risk for infection, and proper precautions for infection prevention should be taken.
Nutritional factors are considered to play a role in the development and recovery from a pressure ulcer. Specifically, low prealbumin and albumin levels have been implicated in the development of pressure ulcers. [41] [42] [43] Our review revealed that low albumin and prealbumin were associated with complications. Low albumin was specifically associated with wound dehiscence. Previous studies have had mixed findings on albumin and prealbumin and their predictive power for pressure ulcer reconstruction. 13, 44 Albumin and prealbumin have traditionally been used to 45, 46 However, albumin and prealbumin have inversely correlated with morbidity and mortality across surgical disciplines. [47] [48] [49] Because these are imperfect markers, serum levels of albumin and prealbumin should be considered in light of other clinical findings when making the decision to offer elective flap coverage for a pressure ulcer, Perioperative blood transfusions were associated with postoperative complications, including infection, pressure ulcer recurrence, and wound dehiscence. The deleterious effects of blood transfusion in the perioperative setting are highly debated, 50, 51 and the surgical arena is experiencing a paradigm shift recently moving toward a conservative approach to transfusion. 52 Optimal oxygen delivery is an integral part of wound healing and plays an important role in a successful outcome when flap coverage is selected in the setting of a pressure ulcer. Regardless of being a marker of high risk or an immunosuppressant, the data from our retrospective series suggest that blood transfusion in the perioperative setting should be used only when necessary to minimize risk in this high-risk patient population.
Longer operative times and large wounds had higher rates of infection, and longer operative times were associated with higher rates of wound dehiscence. These findings are difficult to interpret because pressure ulcers requiring longer operative times may be inherently more complicated and at a higher risk for infection and wound dehiscence. However, longer operative times have been associated with negative postoperative outcomes including wound complications. 53, 54 Thus, our current finding of higher infection rates in larger pressure ulcers is not unexpected. No previous review of pressure ulcer reconstruction has found wound size as a risk factor. 13 Large wounds are intrinsically at higher risk for infection and wound dehiscence, and hence, wound size is an important factor when selecting operative candidates.
Underlying osteomyelitis can be challenging to diagnose in patients with pressure ulcers and is likely underdiagnosed. 55 In our study, acute osteomyelitis was an independent risk factor for wound dehiscence. Curiously, those with chronic osteomyelitis were not at increased risk for wound complications nor was there an increased risk of infection or ulcer recurrence noted in those patients with active osteomyelitis. Given these findings, it is appropriate to delay pressure ulcer reconstruction in those with active infections to avoid wound complications.
Although our study is limited by its retrospective nature, it is one of the largest reviews of pressure ulcer reconstruction to date. Another limitation is that rehabilitation data of our patients were not uniformly available, and given rehabilitation status may play a role in postoperative complications, future studies should address this.
Successful outcomes after pressure ulcer reconstruction remain a formidable challenge. Our data should provide the impetus for surgeons to renew their risk reduction efforts aimed at improving outcomes. Our report identifies numerous risk factors that should be considered when offering flap reconstruction. However, each patient must be evaluated independently and appropriately stratified by risk. Prospective clinical trials are needed in pressure ulcer reconstruction to validate risk factors and develop proper patient selection criteria that will reduce risk and improve outcomes. 
